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Abstract: 
The study investigates volatility spillovers among three types of uncertainty - financial, 
consumer, and industrial - in EU member states in the period between January 2005 and 
December 2017. 
The results suggest that most volatility is transmitted between countries within a given type of 
uncertainty. What is important, the pairs of countries that transmit uncertainty to one another 
are geographically related (i.e. they are neighbouring countries). Financial uncertainty can be 
seen as net volatility transmitter to both industrial and consumer uncertainties. The study 
proposes decomposition of the connectedness table into symmetric and skew-symmetric parts, 
which offers an attractive and comprehensive interpretation.  
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Introduction 
Economic uncertainty appears in modern empirical literature as an important phenomenon. The 
increase of uncertainty results in the decline in economic activity. The depth and persistence of 
the economic slowdown depend on the type of uncertainty used in a given study and the 
specificity of the economy. The most popular uncertainty types include: financial uncertainty 
[8], macroeconomic uncertainty [18], [21], industrial uncertainty [4], and economic policy 
uncertainty [5]. Literature reports uncertainty measures which are constructed using country-
specific data [8], [4], [18]. Therefore, it seems essential to discover the relations among different 
types of uncertainty within a given country and to recognise the types of uncertainty observed 
outside a country which could be transmitted to domestic economy. This knowledge allows 
policymakers to appropriately react to any type of uncertainty increase in domestic and foreign 
economy. 
The majority of previous studies examine volatility spillovers within one of the types of 
uncertainty across countries. For example, [11], [1], [20], [17], [6], [19] analyse economic 
policy uncertainty spillovers among major economies. Similarly, [22], [2] examine volatility 
spillovers of economic uncertainty among developed economies, while [3] investigate 
spillovers of various types of economic policy uncertainty in Greece. However, there are, to the 
best of our knowledge, no papers dedicated to different types of uncertainty spillovers across 
countries.  
The aim of the study is to analyse volatility spillovers among three types of uncertainty 
measures: industrial, consumer and financial, which are calculated for 21 UE member states in 
the period between January 2005 and December 2017.  
Volatility spillovers among uncertainty measures are analysed within the connectedness 
table, as proposed by [13], [14]. The analysis consists of two steps. Firstly, the parameters of 
the VAR model, which includes all 63 uncertainty measures, are estimated using LASSO ([12], 
[15]). The VAR model obtained is next used to construct the connectedness table, which 
represents the forecast error variance decomposition of all the variables. Secondly, the 
connectedness table is decomposed into symmetric and skew-symmetric parts. New matrices 
can be examined using multidimensional statistical techniques, which offers an attractive and 
comprehensive interpretation. The symmetric matrix can be used to analyse the similarity of 
uncertainty measures regarding volatility transmission. Multidimensional scaling, as well as 
clustering, are applied to examine the symmetric matrix. The skew-symmetric matrix represents 
net volatility transmission (the difference between volatility transmitted and received, see [13] 
and is illustrated in the study by heat maps.  
The novelty of the paper arises from two reasons. First, the study proposes a thorough 
analysis of three types of the uncertainty spillovers among EU member states, and, second, it 
offers a new approach for interpreting the connectedness table.  
 
Methodology 
 
Having the high-dimensional connectedness table, it is inconvenient to present the 
pairwise results in a way described in [13]. The network graph proposed by [12] could be vague 
if there are a lot of connections between objects studied. In order to interpret the contents of the 
connectedness table in such conditions, we propose to decompose the table into symmetric and 
skew-symmetric components. Formally, decomposition of any square asymmetric matrix 𝑸 is 
given as (see [9]): 
𝑸 =  𝑺 + 𝑨       (1) 
where 𝑺 is a symmetric matrix with elements calculated as averages (𝑞𝑖𝑗 + 𝑞𝑗𝑖)/2, and 𝑨 is a 
skew-symmetric matrix with elements: (𝑞𝑖𝑗 − 𝑞𝑗𝑖)/2. Matrix A is skew-symmetric, which 
means that 𝑨𝑇 = −𝑨.  
Matrix 𝑺 represents dissimilarity between objects, and after some transformations 
(matrix 𝑺 can be transformed into a distance matrix) can be used as an input in a clustering 
exercise, and the distance can be visually represented using multidimensional scaling. Skew-
symmetric component 𝑨 represents the difference between transmitted and received volatility, 
thus embodies net transmission. We propose to use heat maps to illustrate matrix 𝑨. 
Proposed decomposition is additive, and, as the two components are orthogonal, the sum 
of squares of the two matrices is also additive, which could be derived from the following 
equation: 
∑ ∑ 𝑞𝑖𝑗
2𝑛
𝑗=1
𝑛
𝑖=1 = ∑ ∑ 𝑠𝑖𝑗
2𝑛
𝑗=1
𝑛
𝑖=1 + ∑ ∑ 𝑎𝑖𝑗
2𝑛
𝑗=1
𝑛
𝑖=1 .   (2) 
As a result, the two components can be analysed independently.  
 
Data and empirical results 
The analysis of volatility spillovers among the three types of uncertainty measures, i.e. 
industrial, consumer and financial, conducted in 21 EU member states is based on the monthly 
data spanning the period from January 2005 to December 2017. The study does not include 
Cyprus, Croatia, Estonia, Ireland, Luxemburg, Malta and Slovenia due to the lack of data from 
these countries. To construct country-specific industrial and consumer uncertainty indicators, 
the data are obtained from the Joint Harmonised EU Programme of Business and Consumer 
Surveys (BCS), which is coordinated by the European Commission (2016). The country-
specific financial uncertainty proxies are computed using the volatility of actual returns of the 
main stock markets indices in particular countries. The data are obtained from Thomson Reuters 
Datastream. 
 
Construction of different uncertainty measures 
Industrial uncertainty indices for each country (INDU_country) are constructed on the 
basis of the responses to the forward-looking question in the BCS. Following [4], uncertainty 
is understood as the dispersion of managers’ responses to the survey question: How do you 
expect your production to develop over the next 3 months? The possible answers are: increase, 
remain unchanged or decrease. Industrial uncertainty index is measured as: 
𝐼𝑁𝐷𝑈_𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑡 = √𝐹𝑟𝑎𝑐𝑡
+ + 𝐹𝑟𝑎𝑐𝑡
− − (𝐹𝑟𝑎𝑐𝑡
+ − 𝐹𝑟𝑎𝑐𝑡
−)2,   (3) 
where 𝐹𝑟𝑎𝑐𝑡
+ is the weighted fraction of managers with “increase” responses at time t, and 
𝐹𝑟𝑎𝑐𝑡
− is the weighted fraction of managers with “decrease” responses at time t. 
Country-speciﬁc consumer uncertainty indices (C_country) are constructed using BCS 
dataset. The dispersion of consumers’ expectations is measured using the following question: 
How do you expect the financial position of your household to change over the next 12 months? 
Respondents select one of six possible categories (get a lot better, get a little better, stay the 
same, get a little worse, get a lot worse, and don’t know). Following [7], consumer uncertainty 
index is calculated using Theil's entropy formula as:  
𝐶_𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑡 = −
1
𝑛
∑ 𝑎𝑖,𝑡𝑙𝑜𝑔(𝑎𝑖,𝑡)
𝑛
𝑖=1 ,   (4) 
where 𝑎𝑖,𝑡 is the share of respondents choosing each type of response at time t, and n is the 
number of response categories for each forward-looking question. 
Following Bloom (2009), Bachmann et al. (2013), and Choi et al. (2017), country-
speciﬁc financial uncertainty indices (S_country) are measured by the realized volatility of 
aggregate stock market returns from each country using the formula:  
𝑆_𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑡 = 100√𝑇 ∑ 𝑟𝑠2
𝑇
𝑠=1  ,    (5) 
where 𝑟𝑠 is daily returns of the stock market from each trading day s, and T is the stock market's 
number of trading days in a month. 
Fig. 1a-1c present three types of uncertainty measures which are calculated using Eq. 3-5 
in particular EU member states. 
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Fig. 1a Industrial uncertainty Fig 1b. Consumer uncertainty 
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Fig. 1c Financial uncertainty  
 
Results of decomposition of the connectedness table 
In the first step, the VAR model with two lags is estimated1 using LASSO. The 
connectedness table of 63x63 dimension is next decomposed into symmetric and skew-
symmetric components (Eq.1 and Eq. 2). The symmetric part 𝑺 is used to analyse the similarity 
of uncertainty measures regarding volatility transmission. It is assumed that the more related 
two uncertainties are, which means high volatility transmission between them, the more similar 
they are, and the smaller distance between them is observed. In order to transform 𝑺 into a 
distance matrix, first, we remove the diagonal elements in 𝑺, and next, we use the formula: 
100 − sij for all non-diagonal elements of 𝑺
 2. The final matrix can be interpreted as a distance 
matrix and can be used to cluster different uncertainty measures and to visualize the distance 
between them. The left panel of Fig. 2 presents a dendrogram obtained for Ward's method and 
the Euclidean distance. Fig. 2 (the left panel) presents two separate clusters in the dendrogram. 
The first cluster includes only financial uncertainties for each country, while the second cluster 
contains industrial and consumer uncertainties. The smallest distance is obtained for uncertainty 
measures of the same type which represent the neighbouring countries. Such pairs constitute 
consumer uncertainty for Hungary and the Czech Republic, Italy and Spain, and industrial 
                                                          
1 Two-lags model seems to be enough to observe the spillover effect between uncertainties, although robustness 
check shows that different numbers of lags provide similar results. 
2Another formula, i.e. Maxij{sij} −  sij, is used, and the results are similar. 
uncertainty for Germany and the Netherlands, Finland and Sweden3. When financial 
uncertainty is considered, the groups of related countries include: Lithuania and Latvia; Austria 
and Czech Republic; Italy and Spain; the Netherlands, France, Belgium and Germany; Denmark 
and Finland.  
Similar results are obtained when multidimensional scaling is applied (the right panel 
of Fig. 2). Colours are used to determine different types of uncertainties. The red colour 
represents financial uncertainties (country-specific), the green one - industrial uncertainties, and 
the blue one - consumer uncertainties. As can be seen, financial uncertainty for each country 
(except Slovakia) is located close to each other in the diagram. The remaining uncertainties 
seem to constitute another cluster, which is, however, less homogenous. All industrial and most 
of consumer uncertainties appear in the top-right part of Fig.2. There is, however, a group of 
consumer uncertainties which represent Central Eastern European countries (Poland, Hungary, 
the Czech Republic, Romania) in the bottom-right part. 
 
 
Fig. 2. The symmetric part of the connectedness table – the dendrogram for Ward's method and 
the Euclidean distance (left) and the results of multidimensional scaling (right) 
 
Skew-symmetric part of the connectedness table 
The heat map presented in Fig. 3 reveals asymmetry in all considered pairs. The 
uncertainties are ordered according to net volatility transmission. The uncertainties on the left 
(the horizontal axis) are net volatility transmitters, and the uncertainties on the right are net 
volatility receivers. Colours represent the difference between the amount of volatility 
transmitted and received for all possible pairs of the uncertainties. The blue colour indicates 
                                                          
3 Still, one can notice similar uncertainties representing different categories and distant countries e.g. C_AT, C_PT, 
INDU_PT, C_PL. 
that the uncertainty from the horizontal axis is a net volatility transmitter against the uncertainty 
from the vertical axis, while the red colour shows the opposite relation. As Fig. 3 reveals, the 
majority of financial uncertainties for each country (except Slovakia) are net volatility 
transmitters. All these uncertainties transmit more volatility to the remaining uncertainties 
(consumer and industrial) than they receive from them. On the other hand, four consumer 
uncertainties (the right end of the horizontal axis) turn out to be the largest volatility receivers. 
In the middle of the horizontal axis, there are measures for both industry and consumer 
uncertainty. However, it is worth noticing that the strongest asymmetry (the difference between 
volatility transmitted and received), marked by the most intensive red (blue) colour, is observed 
for pairs of consumer uncertainties (e.g. consumer uncertainty in Italy (C_IT) transmits 
volatility to consumer uncertainty in Spain (C_ES)). 
 
 
Fig. 3. The skew-symmetric part - a heat map 
 
Conclusion 
The most general conclusion that can be drawn from the study states that most volatility 
is transmitted within a particular type of uncertainty. This means that a shock of a particular 
type of uncertainty observed in one country is mainly transmitted to the same type of 
uncertainty in another country. However, it is worth noticing that pairs of countries which 
transmit uncertainty to one another are geographically related (i.e. they are neighbouring 
countries). Transmission of a different type of uncertainty within a given country is limited. 
Another conclusion refers to a situation when three types of uncertainty are considered: in such 
case financial uncertainty can be seen as net volatility transmitter. This means that both foreign 
anddomestic financial uncertainties are transmitted to industrial and consumer uncertainties in 
each country. 
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